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Abstract: 22
Methyl halides have a significant impact on atmospheric chemistry, 23 particularly in the degradation of stratospheric ozone. Bacteria are known to 24 contribute to degradation of methyl halides in the oceans and marine bacteria 25 capable of using methyl bromide and methyl chloride as sole carbon and 26 energy source have been isolated. A genetic marker for microbial degradation 27 of methyl bromide (cmuA) was used to examine the distribution and diversity 28 of these organisms in the marine environment. Three novel marine clades of 29 cmuA were identified in unamended seawater and in marine enrichment 30 cultures degrading methyl halides. Two of these cmuA clades are not 31 represented in extant bacteria, demonstrating the utility of this molecular 32 marker in identifying uncultivated marine methyl halide degrading bacteria. 33
The detection of populations of marine bacteria containing cmuA genes 34
Introduction 39
The methyl halides (CH 3 X) methyl bromide (CH 3 Br) and methyl chloride 40 (CH 3 Cl) are volatile organic compounds with natural and anthropogenic 41 sources, and are present at trace amounts in the atmosphere (10 and 600 42 parts per trillion by volume [pptv] respectively). Despite their low atmospheric 43 concentration, they have a large impact on atmospheric chemistry, delivering 44 bromine and chlorine atomic radicals arising from the breakdown of methyl 45 halides to the stratosphere where they catalyse ozone destruction. The 46 oceans are both a source and a sink of CH 3 Br, but overall are a net sink (for a 47 review of methyl halide biogeochemistry (see Schäfer et al., 2007) . After incubation, the cultures were scored qualitatively for turbidity. The 152 presence or absence of headspace methyl halides (CH 3 X) was tested using 153 gas chromatography with flame ionisation detection as described previously 154 (Schäfer et al., 2005) . Two mL of each enrichment was centrifuged for 5 min 155 at 14,000 x g, the supernatant removed and the pellet resuspended in 10 µL 156 of sterile deionised water. This was then boiled for 10 min in a water bath and 157
Seawater was collected from the Western Channel Observatory site L4 (Fig 1) Also of interest is the wide geographic and environmental distribution of some 334 highly similar cmuA sequences. Clade 2 was detected in the Arabian Sea, 335
Plymouth coastal waters and Aminobacter spp. isolated from soils. Given the 336 enrichment methods used, it is not possible to associate particular sequences 337 or clades of cmuA with biogeochemical data from the research cruise in the 338
Arabian Sea. The Arabian Sea, at the time of sampling, had a gradient of 339 nutrient levels, from oligotrophic waters in the South to strongly eutrophic 340 waters in the North. It is interesting to note that all station 1 (oligotrophic) 341 clones grouped in clade 3 whereas clones from station 4 and 9 (higher 342 nutrient levels) fell into clade 1. Further work with a higher resolution of cmuA 343 diversity would be required to investigate whether this might indicate distinct 344 ecological niches for these cmuA clades. 
